Oxidation of cellular thiol containing compounds such as glutathione and protein Cys residues by reactive oxygen species, is considered to play important roles in a wide array of biological processes including signal transduction, regulation of the activity of enzymes, protein channels, transcription factors and antioxidant responses. 1-2 Hydrogen peroxide (H 2 O 2 ) is produced in many cell types as a response to a variety of extracellular stimuli and could work as a ubiquitous intracellular messenger. Particularly, the two-electron oxidation of reactive protein Cys by H 2 O 2 is a key event during redox signaling and regulation. 3 Though this reaction has been productively studied, the exact mechanism remains poorly understood.
Where KaRSH is the acidity constant of the thiol and KaH2O2 is the acidity constant of H2O2, which has a pKa value of ~11.7, 16 and therefore is fully protonated at near physiological pHs. constants of oxidation by H 2 O 2 are very similar, suggesting that the same mechanism is operative. 4 Our model is a realistic representation of the aqueous environment at room temperature. We explore the reaction by means of QM-MM MD simulations using an umbrella sampling scheme. This approach allowed us to obtain thermodynamical information such as the free energy profile in addition to microscopic insight about electronic structure changes throughout the reaction. The results presented in this work suggest that the process cannot be considered as a simple substitution since the product formation involves a hydrogen atom transfer.
The data reported herein provides a detailed microscopic view of the thiolate oxidation reaction by H 2 O 2 in water, and is the first step for future studies related to the mechanisms of thiolate oxidation in different protein environments. Mol. Biol. 2010, 402, 194-209. 
